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(57) ABSTRACT 

A driver circuit for an integrated circuit device includes a 
transistor that has a gate terminal, a source terminal, and a 
bulk substrate terminal. The source terminal is connected to 
the bulk substrate terminal. A pull-up circuit is connected 
betWeen a poWer supply node and the source terminal. The 
pull up circuit is con?gured to increase a voltage at the source 
terminal and the bulk substrate terminal of the transistor 
responsive to a control signal. 
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FIG. 2 (PRIOR ART) 
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DRIVER CIRCUITS FOR INTEGRATED 
CIRCUIT DEVICES THAT ARE OPERABLE 

TO REDUCE GATE INDUCED DRAIN 
LEAKAGE (GIDL) CURRENT IN A 
TRANSISTOR AND METHODS OF 

OPERATING THE SAME 

RELATED APPLICATION 

This application claims the bene?t of and priority to 
Korean Patent Application No. 10-2006-0073103, ?led Aug. 
2, 2006, in the Korean Intellectual Property Of?ce, the dis 
closure of Which is hereby incorporated herein by reference as 
if set forth in its entirety. 

FIELD OF THE INVENTION 

The present invention relates generally to integrated circuit 
devices and methods of operating the same and, more par 
ticularly, to driver circuits for integrated circuit memory 
devices and methods of operating the same. 

BACKGROUND OF THE INVENTION 

For loW-poWer circuit applications, it may be desirable to 
reduce transistor off-state leakage current. One contributor to 
off-state leakage current is gate-induced drain leakage 
(GIDL) current, Which is caused by band-to-band tunneling 
in the drain region underneath the gate. When the potential 
difference betWeen the gate and drain is relatively large, the 
energy bands may bend near the interface betWeen the sub 
strate and the gate dielectric to alloW valence band electrons 
to tunnel into the conduction band. GIDL current may also 
affect the thickness of the gate oxide layer because the voltage 
required to cause this leakage current due to band-to-band 
tunneling decreases With decreasing gate oxide thickness. 
GIDL current may also be an important consideration in the 
design of dynamic random access memory (DRAM) devices 
as it may degrade data retention time in such devices: 

FIG. 1 is a block diagram of a conventional semiconductor 
memory device 10 that includes a control circuit 20, address 
buffer 30, roW decoders 40, memory cell array 50, sense 
ampli?ers 60, data control circuit 70, and column decoders 
80, Which are con?gured as shoWn. The control circuit 20 is 
used to control operations of the address buffer 3 0 and the roW 
decoders 40 responsive to one or more control signals. The 
address buffer 30 receives an address A0-An and divides the 
address into a roW address and a column address; Which are 
respectively used to drive the roW decoders 40 and column 
decoders 80. The output of the roW decoders 40 is used to 
select particular Word lines of the memory cell array 50. The 
output of the column decoders 80 is used to select particular 
bits of Words stored in the memory cell array 50 via the sense 
ampli?ers 60 and the data control circuit 70. The data control 
circuit 70 may, for example, output data DQO-DQ7 corre 
sponding to eight bits from a selected Word. 

FIG. 2 illustrates a conventional Word line driver circuit 
that may be used to select Word lines 50 of FIG. 1. The Word 
line driver circuit includes a PXI generator circuit 100 that 
generates PXI signals responsive to a control signal ACTIVE 
and the tWo least signi?cant bits of a decoded roW address. 
The memory cell array 50 may include multiple memory cell 
array sub-blocks 50a, 50b, etc. Accordingly, the Word line 
driver circuit includes corresponding PXID driver circuits 
200 that generate PXID and PXIB driver signals responsive to 
the PXI signal for the respective memory cell array sub 
blocks 50a, 50b, etc. Sub-block Word line driver circuits 400 
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2 
drive the sub-block Word lines in the respective memory cell 
arrays 50a and 50b responsive to the PXID signal, PXIB 
signal, and main Word line signal MWL. The MWL generat 
ing circuit 300 generates the MWL signal responsive to the 
ACTIVE signal and the six most signi?cant bits of the 
decoded roW address. 

FIG. 3 is a circuit diagram of the PXI generator circuit 100, 
and the PXID driver circuit 200 of FIG. 2. The PXI generator 
circuit 100 includes a NAND gate 110 that is coupled to an 
inverter circuit. The inverter circuit includes tWo transistors: a 
PMOS transistor 120 and an NMOS transistor 130, Which are 
con?gured as shoWn. The PMOS transistor 120 is coupled to 
a boosted voltage VPP, Which may be greater than an external 
voltage used to poWer the memory device. The NMOS tran 
sistor 130 is coupled to a common reference voltage VSS. The 
PXID driver circuit 200 includes tWo inverter circuits con 
nected in series. The ?rst inverter circuit includes a PMOS 
transistor 210 and an NMOS transistor 220 that are con?g 
ured as shoWn. The ?rst inverter circuit outputs the signal 
PXIB. The second inverter circuit includes a PMOS transistor 
230 and an NMOS transistor 240, Which are con?gured as 
shoWn. The second inverter circuit generates the output signal 
PXID responsive to the signal PXIB. 

FIG. 4 is a circuit diagram of the MWL signal generating 
circuit 300 and the sub-block Word line driver circuit 400 of 
FIG. 2. The MWL signal generating circuit 300 includes 
PMOS transistors 310 and 340 that are connected in parallel 
betWeen the boosted voltage VPP and an input terminal of a 
?rst inverter circuit. NMOS transistors 320 and 330 are con 
nected in series betWeen the input terminal of the ?rst inverter 
circuit and a common reference voltage VSS. PMOS transis 
tor 310 is responsive to the ACTIVE signal, NMOS transistor 
320 is responsive to the six most signi?cant bits of the 
decoded roW address, and NMOS transistor 300 is responsive 
to the ACTIVE signal. The ?rst inverter circuit includes a 
PMOS transistor 350 and an NMOS transistor 360, Which are 
con?gures as shoWn. The output node A of the ?rst inverter 
circuit is coupled to the gate terminal of the PMOS transistor 
340. The output nodeA is also coupled to the input of a second 
inverter circuit that includes PMOS transistor 370 and NMOS 
transistor 380, Which are con?gured as shoWn. The second 
inverter circuit outputs the signal MWL responsive to the 
output of the ?rst inverter circuit. 
The sub-block Word line driver circuit 400 includes an 

inverter circuit that includes a PMOS transistor 410 and an 
NMOS transistor 420, Which are con?gured as shoWn and 
generates the sub-block Word line signal SWL responsive to 
the main Word line signal MWL. An NMOS transistor 430, 
Which is responsive to the PXIB signal, is coupled betWeen 
the output terminal of the inverter circuit and the common 
reference voltage VSS. As shoWn in FIG. 4, the source termi 
nal, for example, of the PMOS transistor 41 0, is coupled to the 
output of the PXID driver circuit 200. 

Operations of the MWL generating circuit 300 and the 
sub-block Word line driver circuit 400 of FIGS. 2 and 4 are 
illustrated in the timing diagram of FIG. 5. During an active 
mode of operation, the ACTIVE signal is driven to the VPP 
level While the voltage at nodeA of FIG. 4 is at either VPP or 
0V depending on Whether a particular decoded roW address 
bit is selected. The main Word line signal MWL is the logical 
inverse of the signal at node A. During a standby or precharge 
mode of operation, hoWever, the ACTIVE signal is driven loW 
(0V) While the main Word line signal MWL is driven to the 
VPP level. As shoWn in FIG. 3, When the ACTIVE signal is 
loW, the PXID signal is driven loW, e.g., 0V. As the boosted 
voltage VPP may be approximately 4.0V in some applica 
tions, the voltage differential betWeen the gate terminal and 
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the source terminal, for example, of the PMOS transistor 410 
of FIG. 4, may be approximately 4.0V. As the gate oxide of the 
PMOS transistor 410 may be relatively thin, the PMOS tran 
sistor 410 may be susceptible to GIDL current When the 
sub-block Word line driver circuit 400 is in a standby or 
precharge mode of operation. 

SUMMARY 

According to some embodiments of the present invention, 
a driver circuit for an integrated circuit device includes a 
transistor that has a gate terminal, a source terminal, and a 
bulk substrate terminal. The source terminal is connected to 
the bulk substrate terminal. A pull-up circuit is connected 
betWeen a poWer supply node and the source terminal. The 
pull up circuit is con?gured to increase a voltage at the source 
terminal and the bulk substrate terminal of the transistor 
responsive to a control signal. 

In other embodiments of the present invention, the inte 
grated circuit device is an integrated circuit memory device 
and the driver circuit is a Word line driver circuit. 

In still other embodiments of the present invention, the 
driver circuit further includes a global poWer supply node, 
Wherein the global poWer supply node is a local poWer supply 
node. 

In still other embodiments of the present invention, the 
pull-up circuit includes a pull-up transistor that is connected 
betWeen the source terminal and the local poWer supply node. 

In still other embodiments of the present invention, an 
inverter circuit is connected to the poWer supply node and has 
an output connected to the source terminal. A sWitch is con 
nected betWeen the inverter circuit and a common reference 
node. The sWitch is responsive to the control signal. 

In still other embodiments of the present invention, the 
sWitch is an NMOS transistor and the pull-up transistor is a 
PMOS transistor. 

In still other embodiments of the present invention, the 
transistor is a PMOS transistor. 

In still other embodiments of the present invention, the 
driver circuit is placed into one of an active mode and a 
standby mode responsive to the control signal. 

According to further embodiments of the present inven 
tion, a driver circuit for an integrated circuit device includes a 
transistor that has a gate terminal and a source terminal. A 
pull-doWn circuit is connected betWeen a poWer supply node 
and the gate terminal. The pull-doWn circuit is con?gured to 
reduce a voltage at the gate terminal of the transistor respon 
sive to a control signal. 

In further embodiments of the present invention, the inte 
grated circuit device is an integrated circuit memory device 
and the driver circuit is a Word line driver circuit. 

In still further embodiments of the present invention, the 
pull-doWn circuit includes at least one voltage-reducing ele 
ment that is connected betWeen the gate terminal of the tran 
sistor and the poWer supply node. 

In still further embodiments of the present invention, the at 
least one voltage-reducing element includes tWo transistors 
connected in series. 

In still further embodiments of the present invention, the 
pull-doWn circuit is con?gured to reduce the voltage at the 
gate terminal by about tWice a threshold voltage associated 
With one of the transistors comprising the at least one voltage 
reducing element. 

In still further embodiments of the present invention, a 
sWitch is connected to the poWer supply node and is respon 
sive to the control signal. An inverter circuit is connected 
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4 
betWeen the sWitch and a common reference node and has an 
output that is connected to the gate terminal. 

In still further embodiments of the present invention, the 
sWitch is a PMOS transistor and the tWo transistors compris 
ing the at least one voltage-reducing element are NMOS 
transistors. 

In still further embodiments of the present invention, the 
transistor is a PMOS transistor. 

In still further embodiments of the present invention, the 
driver circuit is placed into one of an active mode and a 
standby mode responsive to the control signal. 
According to other embodiments of the present invention, 

a driver for an integrated circuit device includes a transistor 
having a gate terminal and a source terminal. A sWitching 
circuit is connected betWeen the gate terminal and ?rst and 
second poWer supply nodes. The sWitching circuit is operable 
to disconnect the ?rst poWer supply node from the gate ter 
minal and to connect a second poWer supply node to the gate 
terminal so as to reduce a voltage at the gate terminal respon 
sive to a control signal. 

In other embodiments of the present invention, the sWitch 
ing circuit includes a ?rst sWitch that is connected betWeen 
the ?rst poWer supply node and the gate terminal. A second 
sWitch is connected betWeen the second poWer supply node 
and the gate terminal. 

In still other embodiments of the present invention, the ?rst 
sWitch includes a ?rst transistor and the second sWitch 
includes a second transistor. The driver circuit includes an 
inverter that is connected betWeen a gate terminal of the ?rst 
transistor and a source of the control signal. A gate terminal of 
the second transistor is connected to the source of the control 
signal. 

In still other embodiments of the present invention, the ?rst 
and second transistors are PMOS transistors. 

In still other embodiments of the present invention, the 
transistor is a PMOS transistor. 

In still other embodiments of the present invention, the 
driver circuit is placed into one of an active mode and a 
standby mode responsive to the control signal. 
According to further embodiments of the present inven 

tion, an integrated circuit memory device includes a Word line 
driver circuit and ?rst and second poWer supply nodes that 
provide different voltage levels. A sWitching circuit is con 
nected betWeen the Word line driver circuit and the ?rst and 
second poWer supply nodes. The sWitching circuit is operable 
to connect one of the ?rst and second poWer supply nodes to 
the Word line driver circuit responsive to a control signal. 

In further embodiments of the present invention, the Word 
line driver circuit is associated With a memory block and the 
sWitching circuit is responsive to a block address. 

In still further embodiments of the present invention, the 
Word line driver circuit is responsive to at least a portion of a 
roW address. 

In still further embodiments of the present invention, the 
Word line driver circuit is placed into one of an active mode 
and a standby mode responsive to the control signal. 

According to other embodiments of the present invention, 
an integrated circuit device includes ?rst and second poWer 
supply nodes. A ?rst circuit portion is connected to the ?rst 
poWer supply node and includes at least one thin oxide tran 
sistor. A second circuit portion includes at least one thick 
oxide transistor. A sWitching circuit is connected betWeen the 
?rst and second circuit portions and the ?rst and second 
poWer supply nodes. The sWitching circuit is operable to 
connect one of the ?rst and second poWer supply nodes to the 
second circuit portion responsive to a control signal. 
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In other embodiments of the present invention, the ?rst and 
second circuit portions are associated With a memory block 
and the switching circuit is responsive to a block address. 

In still other embodiments of the present invention, the ?rst 
and second circuit portions are responsive to at least a portion 
of a roW address. 

In still other embodiments of the present invention, the ?rst 
circuit portion is responsive to the block address and the 
second circuit portion is responsive to at least a portion of a 
roW address. 

In still other embodiments of the present invention, the 
Word line driver circuit is placed into one of an active mode 
and a standby mode responsive to the control signal. 

Although described above primarily With respect to circuit 
and/ or memory device embodiments of the present invention, 
it Will be understood that the present invention can be embod 
ied as a circuit, memory device, and/or method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features of the present invention Will be more readily 
understood from the folloWing detailed description of spe 
ci?c embodiments thereof When read in conjunction With the 
accompanying draWings, in Which: 

FIG. 1 is a block diagram that illustrates a conventional 
semiconductor memory device; 

FIG. 2 is a block diagram that illustrates a conventional 
Word line driver circuit; 

FIG. 3 is a circuit schematic of the PXI generator circuit 
and the PXID driver circuit of FIG. 2; 

FIG. 4 is a circuit diagram of the MWL signal generating 
circuit and the sub-block Word line driver circuit of FIG. 2; 

FIG. 5 is a timing diagram that illustrates operations of the 
Word line driver circuit of FIG. 2; 

FIG. 6 is a circuit schematic of a driver circuit for an 
integrated circuit device, such as an integrated circuit 
memory device, according to some embodiments of the 
present invention; 

FIG. 7 is a timing diagram that illustrates operations of the 
driver circuit of FIG. 6 according to some embodiments of the 
present invention; 

FIG. 8 is a circuit schematic of a driver circuit for an 
integrated circuit device, such as an integrated circuit 
memory device, according to further embodiments of the 
present invention; 

FIG. 9 is a timing diagram that illustrates operations of the 
driver circuit of FIG. 8 according to some embodiments of the 
present invention; 

FIG. 10 is a circuit schematic of a driver circuit for an 
integrated circuit device, such as an integrated circuit 
memory device, according to further embodiments of the 
present invention; 

FIG. 11 is a timing diagram that illustrates operations of the 
driver circuit of FIG. 10 according to some embodiments of 
the present invention; 

FIG. 12 is a circuit schematic of a driver circuit for an 
integrated circuit device, such as an integrated circuit 
memory device, according to further embodiments of the 
present invention; 

FIG. 13 is a timing diagram that illustrates operations of the 
driver circuit of FIG. 12 according to some embodiments of 
the present invention; 

FIG. 14 is a circuit schematic of a driver circuit for an 
integrated circuit device, such as an integrated circuit 
memory device, according to further embodiments of the 
present invention; 
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6 
FIG. 15 is a cross-sectional diagram that illustrates thin and 

thick oxide transistors according to some embodiments of the 
present invention; and 

FIG. 16 is a circuit schematic of a driver circuit for an 
integrated circuit device, such as an integrated circuit 
memory device, according to further embodiments of the 
present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

While the present invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments thereof 
are shoWn by Way of example in the draWings and Will herein 
be described in detail. It should be understood, hoWever, that 
there is no intent to limit the invention to the particular forms 
disclosed, but on the contrary, the invention is to cover all 
modi?cations, equivalents, and alternatives falling Within the 
spirit and scope of the invention as de?ned by the claims. 

It Will be understood that When an element is referred to as 
being “connected to” or “coupled to” another element, it can 
be directly connected or coupled to the other element or 
intervening elements may be present. In contrast, When an 
element is referred to as being “directly connected to” or 
“directly coupled to” another element, there are no interven 
ing elements. As used herein, the term “and/or” and “/” 
includes any and all combinations of one or more of the 
associated listed items. Like numbers refer to like elements 
throughout the description. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a,” “an,” and “the” are intended to include the plural forms as 
Well, unless the context clearly indicates otherWise. It Will be 
further understood that the terms “comprises” and/or “com 
prising,” When used in this speci?cation, specify the presence 
of stated features, integers, steps, operations, elements, and/ 
or components, but do not preclude the presence or addition 
of one or more other features, integers, steps, operations, 
elements, components, and/ or groups thereof. 

It Will be understood that although the terms ?rst and 
second are used herein to describe various components, cir 
cuits, regions, layers and/or sections, these components, cir 
cuits, regions, layers and/or sections should not be limited by 
these terms. These terms are only used to distinguish one 
component, circuit, region, layer or section from another 
component, circuit, region, layer or section. Thus, a ?rst 
component, circuit, region, layer or section discussed beloW 
could be termed a second component, circuit, region, layer or 
section, and similarly, a second component, circuit, region, 
layer or section may be termed a ?rst component, circuit, 
region, layer or section Without departing from the teachings 
of the present invention. 

Unless otherWise de?ned, all terms (including technical 
and scienti?c terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
Which this invention belongs. It Will be further understood 
that terms, such as those de?ned in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent With their meaning in the context of the relevant art 
and Will not be interpreted in an idealiZed or overly formal 
sense unless expressly so de?ned herein. 
Some embodiments of the present invention stem from a 

realiZation that gate-induced drain leakage (GIDL) current 
may be reduced or eliminated by reducing the potential dif 
ference betWeen the gate and source or drain terminals of a 
transistor. For example, driver circuits that may be used in 
integrated circuit memory devices may include pull-up and/ or 








